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Abstract

Golden apple snails (Pomacea canaliculat) (GAS) are
widely used for weed control in rice cultivation. However,
concerns on the ecological risk of invasive GAS species
are increasing. This study aimed to evaluate the overall
impacts of GAS on weed control, abundance of aquatic
animals and insects, and rice yield, in comparison with
that from other biocontrol agents such as loach (Misgurnus
mizolepis) and catfish (Silurus asotus), which are alter-
natives for biological weed control in rice paddy culti-
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vation. Field experiments included five treatments; con-
trol, herbicide, GAS, loach, and catfish. During the rice
growth, weed appearance and biological abundance were
monitored, and at harvest, the rice yield was determined.
Weed control efficiency was the highest for GAS treat-
ment (100%), followed by that for herbicide (95.8%), loach
(57.5%), and catfish treatments (31.7%). Insect abun-
dance was considerably decreased in GAS treatment due
to heavy weed removal, which affects the habitat of aquat-
ic animals and insects. The amount of rice yield (unit: kg
10 a™) was in the order of GAS (798.9) > loach (708.1) =
herbicide (700.7) > catfish (629.4) > control (496.0).
Therefore, considering the weed control efficiency, bio-
logical abudance, and rice yield, loach could be a potential
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alternative for biological weed control in organic rice
farming. However, the activity of the biocontrol agents
are susceptible to environmental conditions; therefore,
further studies under different conditions are essential to
confirm these findings.

Key words: Biological weed control, Herbicide treatment,
Organic farming, Rice paddy
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Table 1. Physical and chemical properties of soil used in the experiment

Appropriate range

Parameter Before cultivation (Agricultural land-paddy standard)
pH (1:5) 53+0.1 5.5-6.5
EC (dS m™) 0.7+0.1 <20
Organic matter (g kg™) 38+1.8 20-30
Available P,Os (mg kg) 181+48.7 80-120
K 0.6+0.1 0.2-0.3
Exchangeable gation Ca 51403 5.0-6.0
(cmol. kg™)
Mg 14+0.1 1.5-2.0
Total N (%) 02+0.0 -
NH," (mg N kg) 75424 -
NO; (mg N kg”) 6.7+1.4 -
Soil texture Silty Clay Loam
Sand (%) 49+05
Silt (%) 59.1+1.0
Clay (%) 35.9+0.9
Bulk Density (Mg m™) 1.3+0.0
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Fig. 1. Changes in mean daily air temperature and precipitation during rice cultivation.
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Fig. 2. Weed density and herbicidal effect as affected by the different weeding treatments. Values are the means with
standard errors in parentheses (n=3), and those followed by a different letter are significantly different between treatments
at @=0.05. CON, no treatment; HT, herbicide treatment; GAST, golden apple snail treatment; LT, loach treatment; CT,

catfish treatment.
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Table 2. Aquatic animal occurrence density on the rice field as affected by the different weeding treatments

Aquatic animal (number/m?)

Index (%) relative

Treatments* Ave.
July 8 July 20 Aug. 5 Aug. 25 Sept. 22 to the control
CON 30.3£3.2a" 50.7+7.4a 20.3+2.1ab 20.3+3.6a 8.7+1.2¢ 26.1 100
HT 22.0+4.6a 41.3£3.8a 17.7+3.2bc 15.3+4.2ab 22.0+1.7b 23.7 90.8
GAST 14.7£1.2a 46.0£13.1a 6.3+1.5¢c 4.3£1.5b 3.3+1.5¢ 14.9 57.3
LT 25.0£3.6a 27.7+4.0a 21.7+3.5ab 12.3+1.2ab 14.3+3.2bc 20.2 77.5
CT 30.0£1.7a 34.7+7.0a 32.0+5.3a 18.7+1.5a 38.745.1a 30.8 118.2
Total 122.0 200.4 98.0 70.9 87.0
Effect Probability > F
Treatment 0.596 0.875 <0.05 <0.1 <0.01

“Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are sig-

nificantly different between treatments at a=0.05.

*CON, no treatment; HT, herbicide treatment; GAST, golden apple snail treatment; LT, loach treatment; CT, catfish

treatment.

Table 3. Changes in the density of insects in the aboveground part of the rice field as affected by the different weeding

treatments
. Insects in the aboveground part (number/30tree) Index (%) relative
Treatments
July 6 July 19  Aug. 2 Aug. 17 Aug. 31 Sept. 2 Oct. 4 Ave. to the control
CON 137.3t12.6a* 18.0+0.0b 32.7+4.5b 12.3+4.0a 29.7+7.8a 47.7+7.6a 60.0+7.0a 482 100
HT 110.3+11.2a 23.0+1.7ab 32.0+2.6b 14.3+3.8a 15.7+4.0a 19.3+2.5a 22.3+4.9b 33.8 70.2
GAST 77.3+11.9a 38.3+4.7a 64.3+10.1a 23.0+3.6a 29.3+3.2a 26.0+3.5a 41.745.7ab 42.8 88.8
LT 42.0+7.5a 20.0£2.6b 78.3+8.7a 33.3t5.0a 39.3t7.5a 45.0+7.9a 31.3+42b 41.3 85.7
CT 68.3+13.3a 19.313.8b 80.7t14.0a 27.7+7.4a 20.7+2.1a 41.043.6a 37.0+6.0ab 42.1 87.3
Total 435.2+ 118.6 288.0 110.6 134.7 179.0 192.3
Effect Probability > F
Treatment 0.701 0.106 <0.01 0.620 0.376 0.282 <0.05

“Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are significantly

different between treatments at a=0.05.

*CON, no treatment; HT, herbicide treatment; GAST, golden apple snail treatment; LT, loach treatment; CT, catfish

treatment.
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Table 4. Rice growth parameters during the course of rice growth under different weed control management

Plant height (cm)

Tillering (No.)

Treatments*® Index (%) Index (%)
July 1 Aug.1  Sept.1 Oct.4 relativeto  July 1 Aug.1  Sept.1 Oct. 4 relative to
Oct. 4 Oct. 4
CON 30.6+2.0ab” 75.7+3.4bc 105.3+3.3bc 103.4+4.1c 100 12.6+2.6ab 11.0£3.3b 9.6+2.7b  9.5+2.8¢c 100
HT 30.9+1.8a 81.7#3.2a 111.245.5a 107.9+42abc  105.3 15.4£3.3a 30.6+2.5a 15.8+2.5a 15.0+2.4ab  179.9
GAST 30.0+2.5bc  82.1+£3.8a 108.5+3.4ab 110.4+3.5ab  105.1 11.8+4.5abc 17.4+3.6a 16.2+3.7a 15.8+4.1a 143.3
LT 29.7+32c 80.8£3.4ab 103.7+4.7bc 111.145.3a  103.3 10.9£2.3bc 16.9£3.4a 16.1+3.3a 15.3+3.8ab  138.7
CT 31.3+3.6a 75.2+4.4c 101.5+4.2c 105.5+4.0bc  99.5 8.4+422c 125+2.3b 11.6+2.6b 11.6+2.6bc  103.2
Effect Probability > F Probability > F
Treatment <0.05 <0.05 <0.05 <0.1 <0.05 <0.05 <0.01 <0.05

*Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are significantly

different between treatments at a=0.05.

*CON, no treatment; HT, herbicide treatment; GAST, golden apple snail treatment; LT, loach treatment; CT, catfish

treatment.
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